Abstract: We completed data on the diet of the barn owl (Tyto alba) predominately from pellets for the period of the last 50 years from Slovakia. We analyzed material from 251 locations and 16 territorial units. The aggregate represents 119,231 pieces of prey from 47 species of mammals (Mammalia, 95.7%) and 58 species of birds (Aves, 3.9%), with a small representation of amphibians, reptiles (Amphibia and Reptilia, 0.2%) and invertebrates (Invertebrata, 0.2%). The obtaining of food among the owls is limited to synanthropic environments and the surrounding agricultural landscape, and the centre of its distribution in the recent period (i.e. the past 50 years: 1965-2015) has been concentrated mainly on the southern parts of Slovakia. In this environment the common vole (Microtus arvalis, 59.6%) is the primary prey. Additional prey are rodents of the family Muridae: Mus musculus (5.6%), Micromys minutus (2.2%), Apodemus microps (2.2%), A. flavicollis (2.0%), A. sylvaticus (1.6%) and A. agrarius (1.5%); insectivores of the family Soricidae: Sorex araneus (6.2%), S. minutus (2.4%), Crocidura leucodon (4.8%) and C. suaveolens (2.8%); and the house sparrow Passer domesticus (2.9%). In the higher situated Turčianska kotlina Basin the species M. arvalis (74.3%) has higher domination, and instead of the white-toothed shrews the water shrews Neomys anomalus (2.8%) and N. fodiens (1.3%) are more abundantly represented. In 3 localities owls focused on hunting bats; for example, in the church in Ratková the order Chiroptera made up 35.2% of prey. From the subrecent period (i.e. from before more than 50 years ago) we evaluate 4 samples from the territory of Slovakia with 15,601 pieces of prey of T. alba. Before more than 50 years ago owls were also more abundantly represented at higher elevations in Slovakia, evidence of which is Weisz's collection of pellets from 16 localities in the Ondavská vrchovina Upland in the years 1945 to 1963, but also a registry of data from the 19 th and 20 th centuries from higher located basins. In 4 samples of food from the subrecent period diversity in the representation of owl prey is higher, accompanied by low domination of M. arvalis and a more abundant representation of murids from the genera Mus and Apodemus. The oldest sample, dated to the 16 th century, is from a church in Žilina-Rudiny.
Introduction
The barn owl (Tyto alba) lives in the vicinity of human beings. Its food residues in the form of pellets are available in buildings. The skulls of mammals are relatively well preserved in them and easily determined. For these reasons more work has been published about the barn owl's food than any other species of owls. However, these works often contain only data on the mammals found in the residues. These are used in faunistic works, e.g., of Erfurth & Stubbe 1986 in Germany or Pucek & Raczyński 1983 in Poland, or with statistical analyses, e.g. Libois 1984. The first collections from the territory of Slovakia were processed by foreign authors: Schaefer 1933 , Balát 1956 and Schmidt & Štollmann 1972 . Later, we processed data from several regions, e.g. Obuch 1982 Obuch , 1995 Obuch , 1998 Obuch , 2000 . Data from students' works are also evaluated: Darolová 1976 , Noga 2005 and Latková 2007 , which were used during the mapping of the occurrence of mammals in Slovakia (Krištofík & Danko 2012) . Unpublished data from the analysis of owl pellets were also included in this atlas. We processed many of the collections of M. Sárossy, which he obtained when mapping the occurrence of T. alba in some areas of south Slovakia (Sárossy 1999a, b, c) . In the work we also summarize recent published and unpublished data on the food of T. alba from individual localities, evaluated in modified tables according to regions. We compare the summary data with samples from the subrecent period.
The main aim of the work is the preservation of basic data from individual localities for the future, because the declining trend of T. alba and changes in the make up of fauna in agrarian landscapes is striking.
Materials and methods
In addition to published data in the table overviews, we also present the results of our own analysis of the food residues of T. alba. Recent material comes from pellets or from nest linings. By decomposition of organic parts in 5% NaOH and rinsing in water we obtained osteolo- gical material, from which we sorted out for determination the maxilla and mandubula of mammals; the beaks, humerus, metacarpus and tarsometatarsus bones of birds; the os ilium of frogs; the maxilla and mandibula of reptiles; and the heads and some other parts of invertebrates. We determine the abundance of the species in the sample from the most numerous determined body parts. We consider the most abundant species in the sample as the dominant species, and species with abundance over 2% as subdominant. We use the synonym Apodemus microps, Kratochvíl & Rosický (1952) , for the species described from the Košická kotlina Basin, which has a smaller maxilla size than the nominal species Apodemus uralensis described from Russia. Instead of the genus name, we use the name of the subgenus for the species Terricola (Microtus) subterraneus. The species Mus spicilegus was differentiated from M. musculus only in the part of the sample in the Podunajská nížina Lowland and the Východoslov-enská nížina Lowland, where it was confirmed by trapping (Krištofík & Danko 2012) . Because all individuals from Mus musculus cannot be differentiated, but we assume that this is the species involved, we introduce the term Mus cf. musculus. The abundance of samples at some localities in the table appendices (Appendix 1-17) is the summary of the results of several collections. An overview of the localities is presented in the table appendix (Appendix 18) and on the map of Slovakia, with geographical units taken from the document of Mazúr & Lukniš (1980) . In the appendix we also present the numbers of the orographic units according to the Databank of Slovak Fauna. We do not present works in which only mammals were determined (e.g. Tirinda 1993), or in which the results are untrustworthy (e.g. Sanitár 2001). We considered samples more than 50 years old as subrecent. For setting the boundary of what is no longer contemporary, but older, we set the boundary of changes which occurred in Slovakia in consequence of socialist collectivization of agriculture.
In the modified tables the samples are arranged according to the similarity of the species spectra. The order of the species is set so that + marked differences from the mean (MDFM, Obuch 2001) are assigned to blocks which are bordered in the tables by a solid line. The calculation of plus and minus MDFM values in the contingency table come from calculation of the χ 2 values. The similarity of the samples in the set are not tested as a whole, but species whose abundance in the sample significantly differentiate from the mean (summary) values are ascertained. The measure of the marked difference is derived from geometrical progression of the parameters of the basic linear boundary axis: 1.2 (coefficient) and 4 (constant). The more abundant species without significant marked differences from the mean are given under the dotted line in the tables. They are arranged according to declining total abundance. In the last line of the tables, indexes of diversity H', calculated according to Shannon & Weaver (1949) , are given. Less abundant species and inexactly determined taxons are given under the tables (e.g. Apodemus sp., Passeriformes). We made the calculations of the marked differences from the mean (MDFM) and design of the modified tables using the computer program Zber (Šipöcz 2004).
Results and discussion R e c e n t d i e t We completed data on the diet of T. alba on the basis of determination of osteological residues from pellets for the period of the last 50 years. We analyzed material from 251 localities in 16 territorial units (Tab. 1). Recent samples are mainly from the southern lowland areas (Fig. 1) . Collections of food residues from the central Považie and Pohronie regions are mainly absent, although Sárossy (1999c) presents the occurrence of T. alba from these parts of Slovakia at the end of the 20 th century. The summary represents 119,231 pieces of prey from 47 species of mammals (Mammalia, 95.7%), 58 species of birds (Aves, 3.9%) with a small representation of amphibians and reptiles (Amphibia and Reptilia, 0.2%) and invertebrates (Invertebrata, 0.2%). The obtaining of diet is limited with T. alba to synanthropic environments and to the surrounding agricultural landscape, and the centre of its distribution is at present concentrated mainly in the southern parts of Slovakia. In this environment the main prey is the common vole (Microtus arvalis, 59.6%). Supplementary prey are the murids (Muridae): Mus musculus (5.6%), Micromys minutus (2.2%), Apodemus microps (2.2%), A. flavicollis (2.0%), A. sylvaticus (1.6%) and A. agrarius (1.5%); the shrews (Soricidae): Sorex araneus (6.2%), S. minutus (2.4%), Crocidura leucodon (4.8%) and C. suaveolens (2.8%); and the house sparrow (Passer domesticus, 2.9%). In the higher located Turčianská kotlina Basin the species M. arvalis (74.3%) has a higher domination and instead of the white-tooth shrew, the water shrews -Neomys anomalus (2.8%) and N. fodiens (1.3%) -are more abundantly represented. The species Tab. 1. Comparison of recent food of Tyto alba from 1 6 areas of Slovakia. Numerical values in the Table are presented in absolute value; positive and negative deviations (1 +, 2+, and 1 -, 2-) are a marked differences from the mean (Obuch 2001 ) within a respective species, across locations. For more details see Methods. The diversity index H' is used, calculated according to the work of Shannon & Weaver (1 949). Tab. 1. Porovnanie recentnej potravy Tyto alba zo 1 6 oblastí Slovenska. Číselné hodnoty v tabuľke sú uvedené v absolútnych hodnodnotách, kladné a záporné odchýlky (1 +, 2+ a 1 -, 2-) sú významné odchýlky od priemeru (Obuch 2001 ) Mammalia  6090  5064  3416  1258  1308  7065  3410  10,920  Aves  235  1 153  155  2  16  4  2  1+ 449  169  481  Amphibia, Reptilia  1  4  5  4  0  1  1+  21  1+  21  17  Invertebrata  1  2  1+  16  8  1+ 10  1+  11  2  1  1+  16  1  10  ∑  6331  5238  3583  1284  1322  7536 1+  198  395  568  844  1  491  1+ 145  152  246  4699  3.94  9  3  0  1  8  1+  83  2  6  0  2+  26  2  2  207  0.17  2+  34  3  0  1+  50  32  1  21  0  1  0  2  0  211  0.18  3577  9925 Schmidt & Štollmann (1972) and Obuch (1982 Obuch ( , 1991 Obuch ( , 2002 present older data on the diet of T. alba in Turči-anská kotlina Basin. The dominance of M. arvalis (average 74.3%, minimum 25.8%, maximum 84.9%) is high (Appendix 16). The sample from Socovce is exceptional with its high abundance of the species M. musculus, M. minutus and P. domesticus. In Necpaly T. alba hunted an increased number of bats (Chiroptera, 6 species) and synanthropic species of birds. A large colony of bats was also in the nave of the church in Turany, but T. alba, which bred in the church tower, hunted them only in a small number (Obuch & Kadlečík 1997) . From the family Muridae the most represented species are M. musculus (6.2%) and A. sylvaticus (2.9%), and from the family Soricidae the species N. anomalus (2.8%) and S. araneus (1.8%).
S u b r e c e n t d i e t In 4 subrecent samples of diet of T. alba changes are reflected in the method of using the human landscape, especially in agricultural production (Tab. 2). In the recent period from the mid-1960s large agricultural enterprises with vast areas of parcels for a single crop predominated in Slovakia as well as the use of machinery for ploughing them. The chemical method of protecting plants against damage and weeds predominates, and animal production is concentrated into large complexes with a specialization on one product. A consequence of reducing the diversity of plants and animal production, the diversity of the animals inhabiting the landscape is also lower. On large areas of multiyear feeds and winter crops the common vole (M. arvalis) mainly prospers. In contrast, rodents, with the exception of the species A. agrarius, in which a trend of expansion to new territories has been recorded in the recent period, are in decline. Its subrecent occurrence in Šurice and in Žilina, however, indicates that it also inhabited the margins of today's territory in the past. ( Fig. 2) , with recent diet of T. alba in the neighbouring Turčianská kotlina Basin: in the past the dominance of M. arvalis (19.8%), which consumes green vegetation, was significantly lower, and in contrast there was a high proportional representation of the seed-eating species M. musculus and from the genus Apodemus, which had access to grain from the harvest in July up through the threshing in the autumn. Many seeds of weeds are also found in and around the fields. At present the harvest together with threshing lasts 2 to 3 weeks and after ploughing under the stubble in August the access of rodents to grain ends. Small poultry farms in village yards are also gradually disappearing. In the sample from Žilina from the 16 th century the represented whitetoothed shrew C. leucodon, which recently occurred in the low elevations of Slovakia and is gradually disappearing from mountain basins, was more abundant (Obuch & Darola 1980) . Ondavská vrchovina Upland: 1945 -1961 At 16 localities of the Ondavská vrchovina Upland, where T. Wiesz collected pellets of T. alba in the years 1945 to 1961, the occurrence of these owls was not confirmed in later years. The material was loaned to us for determinations from the collection of the Šariš Museum in Bardejov. In the results of the analyses (Appendix 17) the domination of M. arvalis (average 51.0%, minimun 0%, maximum 61.8%) did not differ from the recent period; however, the share of some species of the family Muridae is higher (the species M. musculus (13.1%), A. flavicollis (4.0%) and A. agrarius (4.6%)). From the family Soricidae the abundant representation of Miller's water shrew (N. anomalus, 2.0%) is characteristic for higher elevated localities, but the share of the species S. araneus (5.5%) and C. leucodon (3.7%) is higher. Significant variability in the proportion of representation was determined in the species S. araneus, M. musculus, A. flavicollis and A. agrarius.
Uttendörfer ( Sicista subtilis from the pellets of T. alba in the catchment area of the River Hornád in Hungary near the Slovak border. Tatarinov (1960) studied the diet of this owl in Sub-Carpathian Rus.
Most of the mentioned collections are older than 50 years. The problem of comparing them with our subrecent data is in the level of processing of collections and determination of the species of prey of T. alba. In the results of Uttendörfer the majority of mammals is determined only on the level of the genus, or a higher taxonomical unit (e.g. Muridae). Similarly, in the data from Czech areas the majority of field mice is determined to the genus Apodemus sp., or Apodemus sylvaticus/flavicollis. Poprach (2008) states that the species Apodemus microps has thus far not been recorded in the Czech Republic in the diet of T. alba, although Vohralík (2002) described the sub-species Apodemus microps cimrmani from measures on maxilla obtained from the pellets of T. alba at Žetecká kotlina Basin, and Obuch (1992b) presents it as abundant in the diet of this owl from the Pálava area in southern Moravia. Likewise, the share of birds is strongly underestimated in the majority of works. For example, from 29 works presented from the Czech Republic by Poprach, in 4 of them birds were not determined at all and in another 9 works only on the level of class Aves. In many works the numbers of birds are determined only from the number of beaks. In Slovakia in the last 40 years we have used a 5% solution of NaOH for processing pellets, and we determined 4 types of bird bones according to the proposal in the handbook of Märza (1969) . With determinations we use a comparative collection of bones from more than 200 bird species. By comparing the results of the determinations only from the beaks from 4 species of bones in 10 samples of food of T. alba we found out that the number of species and the number of individuals was lower by one-third (according to beaks 65% of species and 69% of individuals were determined versus 100% with determinations from 4 types of bones: humerus, metacarpus, tarsometatarsus and beaks). In the majority of European countries the method of manual dismantling of individual pellets still predominates and even the newest handbook (e.g. Yalden 2009) does not recommend the using of a NaOH solution for decomposing organic components. For us one collection from one location from one date, which we process at one time, is a sample. After removal of foreign matter we work with clean osteological materials from which we classify the individual elements for determination. We thus exclude the impreciseness of examining maxilla in fur, from the lack of integrity of pellets and the incompleteness of remnants of determined individuals. We determine the number of individuals of more difficult to determine taxons only after their thorough classification, as can be seen with certain species of the family Muridae in Fig. 2 from the subrecent sample from the Church of St. Stephen the King in Žilina.
C o n c l u s i o n Among the owls, the most data has been published on the diet of the cosmopolitan species T. alba. This is related to the easy availability of its pellets in buildings. The results of analyses reflect proportions in the representation of prey in the parts of the landscape intensively managed by human beings. More comprehensive work from Slovakia about its diet is thus far absent. Therefore, only fragmentary parts from Slovakia are presented when evaluating the share of some taxons in its food within Europe. For example, Roulin & Christe (2013) in their evaluation of the share of bats from the material of more than 4 million prey from Europe list 192 bats from Slovakia in 23,431 items of diet, thus a 0.82% share. In our set we present from the recent period 877 items from 19 species of bats, thus a 0.74% share of the analysed prey. Roulin (2015) , working from the same Slovak materials of 23,431 pieces, evaluated the share of birds in the diet of T. alba at 1013 items (4.32%) and the species P. domesticus with a share of 85.5%. In our work we present from the recent period (Table 1) 
Other species (locality-number) / ostatné druhy (lokalita-počet):
Talpa europaea (5-1 ), Neomys anomalus (6-1 ; 2-1 ; 7-1 ), Neomys fodiens (1 -4), Myotis myotis (2-1 ), Myotis blythii (2-1 ), Eptesicus serotinus (2-1 ), Pipistrellus pipistrellus (2-1 ), Muscardinus avellanarius (5-1 ; 1 -1 ), Mus spicilegus (4-1 ; 5-2; 7-1 ), Apo demus sp. (1 -41 ; 2-1 24), Clethrionomys glareolus (5-1 ; 2-1 ; 3-1 ), Microtus agrestis (3-1 ), Delichon urbica (6-1 ), Erithacus rubec ula (5-1 ), Turdus sp. (2-1 ), Emberiza citrinella (7-1 ), Carduelis carduelis (2-1 ), Passer montanus (2-3; 7-1 ), Passeriformes (6-1 ), Rana sp. (1 -1 ; 2-2), Amphibia (5-1 ). Eptesicus serotinus (1 3-1 ), Nyctalus noctula (6-1 ; 1 5-1 ), Sicista subtilis (6-3), Apodemus agrarius (1 5-1 ), Apodemus sp. (3-43; 4-1 9; 1 0-3; 5-2), Microtus agrestis (1 7-1 ), Microtus oeconomus (2-2), Mustela nivalis (1 8-1 ), Coturnix coturnix (6-2), Streptopelia decaocto (6-4), Tyto alba (6-4), Athene noctua (6-1 ), Apus apus (6-1 ), Alaudidae (6-1 ), Delichon urbica (6-2), Motacilla alba (9-1 ), Hippolais icterina (6-1 ), Sylvia nisoria (9-1 ), Sylvia atricapilla (1 2-1 ), Erithacus rubecula (2-1 ; 1 5-3), Cyanistes caeruleus (1 9-1 ; 1 5-1 ), Emberiza citrinella (20-1 ), Fringilla coelebs (20-1 ), Carduelis carduelis (6-1 ; 1 0-1 ), Chloris chloris (6-4), Coccothraustes coccothraustes (1 5-1 ), Passeriformes (6-1 ; 1 4-1 ; 9-1 ), Pelobates fuscus (6-1 ), Pelophylax cf. esculentus (6-1 ; 1 4-1 ; 2-1 ), Rana sp. (3-1 ), Lacerta agilis (1 5-1 ), Diptera (1 5-1 ), Gryllotalpa gryllotalpa (20-4). 
Talpa europaea (1 -1 ), Neomys fodiens (1 -1 ; 1 2-1 ), Myotis mystacinus (1 2-1 ), Myotis myotis (7-1 ), Plecotus austriacus (9-2), Mus cardinus avellanarius (1 -1 ; 1 2-2; 11 -1 ), Mustela nivalis (9-1 ; 8-1 ), Coturnix coturnix (9-1 ), Alauda arvensis (1 2-1 ; 8-1 ), Delichon urbica (1 3-1 ), Cyanistes caeruleus (3-1 ), Troglodytes troglodytes (8-2), Passer montanus (8-4), Passeriformes (1 -1 ), Aves sp. juv. (5-1 ), Pelophylax cf. esculentus (8-4), Coleoptera (1 2-1 ; 3-3), Orthoptera (3-1 ). Slovak Raptor Journal 2016 , 10: 1-50. DOI: 10.1515 /srj-2016 . Other species (locality-number) / ostatné druhy (lokalita-počet): Other species (locality-number) / ostatné druhy (lokalita-počet): Other species (locality-number) / ostatné druhy (lokalita-počet):
Talpa europaea (1 4-2), Neomys anomalus (1 -1 ; 1 4-3), Myotis nattereri (1 4-1 ), Myotis myotis (1 7-4), Pipistrellus pipistrellus (1 7-1 ),
Muscardinus avellanarius (1 7-1 ), Apodemus sp. (7-4; 9-1 ; 1 0-6; 6-3; 3-1 2; 1 8-5; 1 2-6; 1 3-1 0), Cricetus cricetus (1 5-2; 8-1 ; 1 7-1 ), Microtus agrestis (8-2), Mustela nivalis (1 7-1 ), Coturnix coturnix (5-1 ; 1 7-1 ), Columba livia dom.
(1 5-1 ), Streptopelia de caocto (5-3; 1 7-1 ), Streptopelia turtur (7-1 ), Tyto alba (1 5-1 ), Upupa epops (1 7-1 ), Alauda arvensis (1 5-1 ), Delichon urbica (1 7-1 ), Anthus trivialis (1 7-1 ), Acrocephalus palustris (6-1 ), Hippolais icterina (1 7-1 ), Phylloscopus collybita (1 4-2), Erithacus rubecula (1 5-1 ; 1 4-1 ), Turdus merula (1 4-2), Turdus philomelos (1 4-1 ), Cyanistes caeruleus (7-1 ; 1 4-1 ), Poecile palustris (1 4-1 ), Fringilla coelebs (1 0-1 ; 1 4-2), Carduelis carduelis (1 5-1 ), Chloris chloris (1 4-1 ), Sturnus vulgaris (1 7-1 ), Passeriformes (1 4-1 ), Gryllotalpa gryllotalpa (1 7-2). -Merník, 1 6.3.1 991 .
Other species (locality-number) / ostatné druhy (lokalita-počet): Talpa europaea 
